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Abstract
Objective: To examine the relationship between intake of whole grains and BMI
Z-score in rural children.
Design: General linear models and logistic regression were used to examine
the cross-sectional associations between whole grain intake and BMI Z-score,
prevalence and odds ratios of overweight and obesity. Dietary intake was
assessed using the Block Food Screener for ages 2–17 years. Children were
classified into three categories according to servings of whole grain intake:
,1?0 serving/d, 1?0–1?5 servings/d and .1?5 servings/d.
Setting: The CHANGE (Creating Healthy, Active and Nurturing Growing-up
Environments) study, an obesity prevention intervention in elementary schools in
eight rural US communities in California, Mississippi, Kentucky and South Carolina.
Subjects: Seven hundred and ninety-two children attending 3rd–6th grade.
Results: After adjusting for age, sex, race/ethnicity, physical activity and state of
residence, whole grain intake was inversely associated with BMI Z-score (0?90 v.
0?61 in the lowest v. the highest whole grain intake category; P trend5 0?01).
Children who consumed .1?5 servings of whole grains/d had a 40 % lower risk
of being obese (OR5 0?60; 95 % CI 0?38, 0?95, P5 0?02) compared with children
who consumed ,1?0 serving/d. Further adjustment for potential dietary predictors
of body weight (fruit, vegetable and dairy intakes) did not change the observed
associations.
Conclusions: Increasing the intake of whole grains as part of an overall healthy
lifestyle may be beneficial for children to achieve and maintain a healthy weight.
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The prevalence of overweight and obesity has increased
dramatically in the USA over the past three decades(1).
Currently, one-third of children aged 2–19 years are classi-
fied as overweight or obese(2). However, disadvantaged
children living in rural areas are disproportionately at
increased risk for overweight and obesity with prevalence
rates reaching nearly 50 %(3–5). Obesity in children is
associated with physical and psychological health
problems and obese children are more likely to be obese
during adulthood compared with their normal-weight
peers(6). In adults, obesity has been linked to an increased
risk of type 2 diabetes, CVD, certain cancers, hyper-
tension, dyslipidaemia, sleep apnoea, musculoskeletal
disorders and psychosocial problems, among others(7–10).
The soaring prevalence of overweight and obesity in
addition to the health implications that obesity presents
make identification of preventive lifestyle factors a priority.
Significant inverse associations have been reported
between the intake of wholegrain foods and body weight,
weight gain and indicators of adiposity; however, most of the
evidence is from observational studies carried out in adult
populations(11–20). It has been hypothesized that whole grains
may potentially influence weight through possible effects on
hormonal factors, satiety, and/or digestion and absorption
of carbohydrates(21–24). The Dietary Guidelines for Americans
2005 and 2010 include whole grains as one of the food
groups to encourage in all age groups and recommends that
children consume at least half of their daily servings of grain
products as whole grains(25,26). However, most cereal grain
products consumed in the USA are refined and hence lower
in fibre, vitamins, minerals and phytochemicals, among
other nutrients, compared with wholegrain foods(27).
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Evidence on the association between whole grain
intake and body weight is limited in paediatric popula-
tions, even though grain foods are widely consumed by
children(28). The objective of the present study was to
examine the association between whole grain intake and
BMI Z-score and prevalence and risk of overweight and
obesity in rural children attending 3rd–6th grade who
participated in the CHANGE study.
Experimental methods
Study design and participants
In 2005, Save the Children created the CHANGE (Creating
Healthy, Active and Nurturing Growing-up Environ-
ments) Program with the objective of reducing unhealthy
weight gain in school-aged children in rural America. To
evaluate their efforts, a partnership between Save the
Children and the Friedman School of Nutrition Science
and Policy at Tufts University was formed and a random-
ized, controlled, community-based research study was
conducted. The CHANGE I study recruited twenty-two
randomly selected after-school programmes and the
CHANGE II study recruited eight randomly selected
elementary schools from rural communities in California,
Kentucky, Mississippi and South Carolina. The CHANGE
study was designed to (i) adapt, replicate and evaluate the
Shape Up Somerville model, a multi-faceted environmental
change intervention that used a community-based partici-
patory research approach to address unhealthy weight gain
among school-aged children living in an urban setting, and
(ii) compare the CHANGE II multi-faceted intervention with
the CHANGE I after-school intervention model(29).
For the present cross-sectional study, anthropometric
and dietary data collected at baseline in 3rd–6th grade
children from all CHANGE II schools (spring 2008 and
early autumn 2008) and CHANGE I after-school programmes
(winter 2008) were used. Recruitment of participants and
study procedures were approved and monitored by the
Institutional Review Board at Tufts University. A total of 1501
children were enrolled after obtaining parental informed
consent. Children were excluded from the analysis if: (i) the
date on their consent form was later than the last day of
data collection in the school (n 292); (ii) they were absent on
the days when measurements were performed (n 128); and
(iii) the date was omitted on either the parental consent
(n 21) or data collection form (n 1). From the remaining
1059 children, 103 had missing BMI Z-score data and/or
missing dietary data, leaving a total of 956 children. From
these, fifteen had missing data on one or more of the
covariates used for analyses (age, gender, race/ethnicity
or physical activity) leaving 941 children. Although the
Block Food Screener was not intended to assess energy
intake, an estimation of energy intake was calculated
for each participant with the purpose of identifying over-
reporters. There are no standard exclusion criteria for
over- or under-reporting of food intake estimated by
food screeners. For the purpose of the present study,
implausible over-reporting of food intake was defined as
estimated total energy intake .20 920 kJ/d (5000 kcal/d)
and under-reporting of food intake as two or fewer food
items being reported within a day. After exclusion of
over-reporters (n 125) and under-reporters (n 24) the
final sample size was reduced to 792 children.
Outcome measures
Anthropometry
Height and weight were obtained in triplicate following
standardized procedures for school settings as previously
described(30,31). Briefly, height was measured to the nearest
,3mm (1/8 in.) using a portable stadiometer (Shorr Infant/
Child/Adult Height/Length Measuring Board; Shorr, Olney,
MD, USA). Weight was measured in light clothing to the
nearest ,225g (0?5 lb) on a digital scale (Seca Bella model
480; Seca, Hanover, MD, USA). BMI Z-score was calculated
using an average of three body weight measures divided by
the average of three height measures and converted to
Z-scores as recommended by the US Centers for Disease
Control and Prevention(32). Following these guidelines, a
BMI Z-score ,5th percentile was considered underweight,
a BMI Z-score $5th and ,85th percentile was considered
normal weight, a BMI Z-score $85th percentile and ,95th
percentile was considered overweight and a BMI Z-score
$95th percentile was considered obese(32,33).
Diet assessment
Diet was assessed using the 2007 Block Food Screener for
ages 2–17 years(34). This screener is designed to be self-
administered with adult assistance and captures intake
and portion size for forty-one food and beverage items
consumed over the previous 24 h. It was developed and
adapted from the validated Block Kids 2004 FFQ, an
eighty-item questionnaire designed to assess food and
nutrient intakes in children 2–17 years old(35). The
screener estimates daily servings of the following food
groups: whole grains, fruits, vegetables (excluding pota-
toes), potatoes, meat/poultry/fish, dairy and legumes.
The food list for this screener was created by identifying
the most important sources of each of the food groups
mentioned above in children aged 2–17 years as deter-
mined by data from two cycles of the National Health and
Nutrition Examination Survey (NHANES 2001–2002 and
2003–2004). Food groups and portion sizes were selected
for six age- and sex-specific categories. The Block Food
Screener for ages 2–17 years has been used in various
studies to assess food group intake in younger children(36)
and in children of similar age as the ones included in the
present study(37,38).
In the present study, the screener was completed by
the children in small groups of five to ten with the
assistance of a trained data collector. For each food and
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beverage included in the screener, the amount of each
food group was determined by multiplying the reported
frequency of consumption (1 if eaten yesterday; 0 if
not eaten) by the age- and gender-specific portion size
consumed (small, medium or large) and by the amount of
each food group content in that food item. The total
consumption of each food group was calculated by
summing the amounts of each food group in each food
item included in the screener. The primary resource for
whole grain and other food group servings was the
US Department of Agriculture MyPyramid Equivalents
Database(39), which provides the number of MyPyramid
equivalents (standard serving sizes) for the thirty-two
MyPyramid major food groups and subgroups that are
present in 100 g of each of the foods consumed by par-
ticipants in NHANES. The MyPyramid whole grain group
equivalents are defined in ounces. An ounce-equivalent
or serving of whole grains is either 1 oz (28 g) of a 100 %
wholegrain food in its ready-to-eat form or the amount of
food containing 16 g of wholegrain ingredients. On the
screener, examples of a serving of whole grains include
1 cup of 100 % wholegrain ready-to-eat cereal, half a cup
of cooked oatmeal, a slice of 100 % wholegrain bread,
3 cups of popcorn, etc.(26). The associated screener
database includes twelve sources of whole grains, which
range in concentration from 0?01 to 3?01 servings of
whole grains per 100 g of food item.
Covariate measures
Information on age, sex, race/ethnicity, grade and
demographics was collected by a family survey, adapted
from the Shape Up Somerville study, that was completed
by the parents/primary caregivers(29). Children completed
a self-administered survey that included fourteen physical
activity categories in the form of dichotomous variables of
whether or not the child had performed each activity in
the last week(40).
Statistical methods
Statistical analyses were conducted using the SAS statis-
tical software package version 9?2 (SAS Institute Inc.).
Children were classified into three whole grain categories
according to their daily intake: ,1?0 serving/d, 1?0–1?5
servings/d and .1?5 servings/d. The age- and sex-
adjusted means for lifestyle and dietary characteristics
were calculated across categories of whole grain intake
using the SAS procedure PROC GLM. We assessed test for
trend across categories of whole grain intake by assigning
the median whole grain intake of each category to indi-
viduals in that category and treating this new variable as a
continuous variable in the linear or logistic regression
model. Linear regression was used for continuous and
logistic regression for dichotomous lifestyle and dietary
variables. To study the cross-sectional association between
whole grain intake and body weight, we compared BMI
Z-score means according to categories of whole grain intake
using SAS PROC GLM program. Trends across whole
grain intake categories were calculated as described
above. We also calculated the adjusted prevalence of
children classified as obese or overweight/obese within
whole grain categories using linear regression. To further
explore the association between whole grain intake and
overweight/obesity, we calculated the odds ratios and
associated 95 % confidence intervals for obese and over-
weight/obese for each category of whole grain intake
using multiple logistic regression. Children who consumed
,1?0 serving/d were used as the reference category.
All models were adjusted for age and number of physical
activities performed in the last week as continuous vari-
ables and sex, race/ethnicity and state of residence as
categorical variables. Further adjustments for potential
dietary predictors of body weight (fruit, vegetable and
dairy intakes) were performed to assess the possibility that
dietary patterns associated with diets rich in whole grains
would explain the observed associations. We used Tukey
adjustment to account for multiple comparisons between
means. We created interaction terms to test whether the
association between whole grain intake and BMI Z-score
was modified by gender or age. No significant interaction
was observed; therefore data were analysed combining
all children.
Results
Participants were from families with a high household
poverty level and were mostly non-white (.60 %). Over
20 % of the children’s primary household language was
not English and an estimated one-third of parents had
not graduated from high school. Out of 792 children
with available data for analysis, sixty-nine (8?7 %) did not
consume whole grains and only fifteen (1?9 %) consumed
at least half of the recommended servings of grains as
whole grains. The mean and median daily intakes of
whole grains in this population of rural children were
0?8 and 0?6 servings/d respectively, with a median range
that varied from 0?4 servings/d in the lowest whole grain
intake category to 2?0 servings/d in the highest category.
These estimated intakes are consistent with national data
average intakes of 0?8 servings of whole grains/d in
pre-school children and 1?0 servings/d in adolescents(41).
The main sources of whole grain intake in our study
population were breakfast cereals (38 %), popcorn (28 %),
wholegrain bread (18 %) and breakfast or protein
bars (15 %), accounting for 99 % of the total intake of
whole grains.
Characteristics of the population by whole grain intake
category are summarized in Table 1. Children who con-
sumed .1?5 servings of whole grains/d tended to be
slightly younger, with a higher relative proportion of boys
compared with girls, a higher proportion of Hispanic
children, a higher proportion of children living in California
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and a lower proportion of children living in South Carolina.
Greater intake of whole grains was also associated with
significantly higher number of physical activities/week and
intakes of fruits, vegetables and dairy products.
The relationship between whole grain intake and BMI
Z-score is shown in Table 2. After adjustment for age, sex,
state of residence, race/ethnicity and physical activity,
a significant inverse association was observed between
whole grain intake and BMI Z-score (0?90 v. 0?61 in
the lowest v. the highest whole grain intake category;
P trend5 0?01). The difference between the mean BMI
Z-score in the lowest and the highest whole grain intake
category (0?29) can be best understood if we consider an
example of a 10-year-old boy with an intake of whole
grains in the highest category and with height and weight
at the 50th percentile (138?8 cm and 32?09kg, respectively).
Table 1 Characteristics of participants according to whole grain intake group: children (n 792) attending 3rd–6th grade,
eight rural US communities in California, Mississippi, Kentucky and South Carolina, 2008 (CHANGE study)
Whole grain intake (servings/d)
Characteristic ,1?0 1?0–1?5 .1?5 P trend-
n 537 120 135 –
Median intake of whole grains (servings/d) 0?3 1?2 2?0 –
Age (years)-
-
10?4 10?2 10?2 0?03
Female (%)y 61?3 53?2 51?0 0?01
Race/ethnicity (%)J
White 23?7 14?5 18?1 0?05
Black 40?0 34?7 36?1 0?3
Hispanic 33?7 48?3 42?9 0?01
Other 2?6 2?5 2?9 0?9
State (%)J
California 37?3 51?6 47?2 0?01
Kentucky 19?9 11?9 15?9 0?1
Mississippi 19?7 21?0 20?3 0?8
South Carolina 23?0 15?5 16?6 0?04
Number of physical activitiesJz 3?7 3?8 4?4 0?04
Fruit intake (servings/d)J 1?8 2?5 2?7 ,0?001
Vegetable intake (servings/d)J 1?3 2?0 2?3 ,0?001
Dairy intake (servings/d)J 1?8 2?6 2?8 ,0?001
CHANGE, Creating Healthy, Active and Nurturing Growing-up Environments.
-For continuous variables, the median value in each whole grain intake category was used as a continuous variable in a linear
regression; for categorical variables, logistic regression was used.
-
-
Mean, adjusted for sex.
yMean, adjusted for age.
JMean, adjusted for age and sex.
zNumber of physical activities performed in the last week from a self-administered survey that included fourteen physical activity
categories.
Table 2 Multivariate-adjusted geometric mean BMI Z-score and prevalence, odds ratio and 95 % confidence interval of
overweight and obesity according to whole grain intake group: children (n 792) attending 3rd–6th grade, eight rural US
communities in California, Mississippi, Kentucky and South Carolina, 2008 (CHANGE study)
Whole grain intake (servings/d)
,1?0 1?0–1?5 .1?5 P trend-
n 537 120 135 –
Median intake of whole grains (servings/d) 0?3 1?2 2?0 –
BMI Z-score-
-
0?90 0?89 0?61* 0?01
Obese
Prevalence (%) 31?3 33?0 21?4 0?06
OR 1?00 1?10 0?60** 0?07
95 % CI Ref. 0?71, 1?67 0?38, 0?95
Overweight/obese
Prevalence (%) 46?0 45?0 36?8 0?09
OR 1?00 0?96 0?69 0?08
95 % CI Ref. 0?64, 1?44 0?46, 1?01
CHANGE, Creating Healthy, Active and Nurturing Growing-up Environments; Ref., referent category.
All analyses were adjusted by age, sex, race/ethnicity, state of residence and physical activity. Significant differences remained
statistically significant after further adjustments for fruit, vegetable and dairy intakes.
*P5 0?01 compared with the group consuming ,1?0 serving of whole grains/d; **P5 0?02 compared with the group consuming
,1?0 serving of whole grains/d.
-For continuous variables, the median value in each whole grain intake category was used as a continuous variable in a linear
regression; for categorical variables, logistic regression was used.
-
-
Adjusted mean.
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For this reference child, a difference of 0?29 in BMI Z-score
would correspond to an approximate difference of 1?2kg
(2?7 lb); in other words, a boy with the same height but with
a whole grain intake in the lowest category would theore-
tically have a weight that is 1?2kg (2?7 lb) higher. Further
adjustment for potential dietary predictors of body weight
(fruit, vegetable and dairy intakes) did not substantially
change the association between whole grain intake and BMI
Z-score (P trend50?03).
In this study population, 48% of children were categor-
ized as overweight or obese and 30% were categorized as
obese. Table 2 displays the prevalence and risk of obesity
and overweight/obesity by whole grain intake category
adjusted by age, sex, race/ethnicity, state of residence and
number of physical activities performed in the last week.
Across categories of whole grain intake, an inverse
association was observed between whole grain intake
and the percentage of children categorized as obese or
overweight/obese, although these associations did not
reach statistical significance (P trend5 0?06 and 0?09,
respectively). However, the odds of being obese were
lower with higher intake of whole grains. Compared with
children who consumed ,1?0 serving of whole grains/day,
those who consumed.1?5 servings/d had a 40% lower risk
of being obese (OR50?60; 95% CI 0?38, 0?95, P50?02).
Further adjustments for fruit, vegetable and dairy intakes did
not substantially change this association (P50?02).
Discussion
With the staggering prevalence of overweight and obesity
in children, there is an increased need to identify lifestyle
factors that could potentially promote the attainment and
maintenance of a healthy weight. Given the particularly
high rates of obesity among rural youth and the need to
explore modifiable dietary factors, we sought to assess
the association between intake of whole grains and BMI
Z-score, prevalence and risk of overweight and obesity in
rural children participating in the CHANGE study. In this
group of children, we identified significant inverse asso-
ciations between whole grain intake and BMI Z-score and
risk of obesity. Children who consumed .1?5 servings of
whole grains/d (approximately half of the recommended
amount) had a significantly lower BMI Z-score and were
less likely to be obese even after adjustments for other
lifestyle and dietary covariates compared with children
who consumed ,1?0 serving/d.
Our finding that whole grain intake is inversely associated
with body weight is consistent with the findings reported in
the literature, albeit primarily in adults(11–14,16–20,42,43). Fewer
studies have examined the impact of whole grains on body
weight in children or adolescents and the results are con-
flicting. In adolescents, Cheng et al. reported in 215 children
(mean age 9?4 years) no association between whole grain
intake and percentage body fat or BMI Z-score at baseline
or between changes in whole grain intake and changes in
percentage body fat or BMI Z-score over 4 years(44). Davis
et al. reported that changes in fibre intake, but not whole
grain intake, were associated with changes in visceral
adiposity in a small sample of eighty-five overweight Latino
adolescents aged 11–17 years(45). Steffen et al., on the other
hand, reported that whole grain intake was associated with
lower BMI in 285 adolescents(15). Using data from the
NHANES 1999 and 2004, Zanovec et al. found a direct
association between consuming 1?5 to 3 servings of whole
grains daily and weight measures in 3868 children aged
6–12 years, but an inverse association between consuming at
least 3 servings of whole grains daily and BMI Z-scores in
4931 adolescents aged 13–18 years(46). The inconsistency of
these findings may be due to differences in study design,
dietary assessment methods, prevalence of overweight/
obesity in the populations studied or lack of power to detect
associations, among others.
There are several possible mechanisms by which intake
of whole grains may be protective against obesity. The
high fibre content and overall lower glycaemic index of
food containing whole grains may increase satiety and
result in decreased energy consumption(22–24,47–49). In
addition, wholegrain foods are generally less energy-
dense than refined-grain foods due to the high fibre and
water content(21,50). Furthermore, the intake of whole-
grain food may result in a delayed digestion and absorption
of its starch and thus result in relatively lower postprandial
insulin and glucose responses(22–24,51). As high insulin levels
may promote storage of metabolic substrates, a lower
insulin response may result in the oxidation and lipolysis of
fat rather than its storage(24).
One recognized limitation of this type of analysis is
that often people with diets rich in whole grains tend to
follow healthier diets and lifestyles, making it difficult to
attribute health outcomes directly to whole grain intake.
To address this issue, we adjusted our analyses for potential
confounding dietary and lifestyle factors including the
number of physical activities children reported participating
in over the past week and intakes of fruits, vegetables and
dairy products. After adjustments, observed associations
between whole grain intake and BMI Z-score and obesity
remained. However, the possibility of residual confounding
cannot be excluded in any observational study. In addition,
the cross-sectional nature of the study precludes any infer-
ences on the direction of our associations, making it
impossible to determine whether changes in whole grain
intake precede changes in body weight. A recognized lim-
itation is that the assessment of diet in children is particularly
challenging. The Block Food Screener used in the present
study was specifically designed to calculate number of
servings of whole grain intake in this age group(34). This
screener assessed a limited number of foods consumed
on a single day and was not designed to calculate energy
intake, which hindered our ability to adjust for total energy
intake. However, total energy may potentially be one of the
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mechanisms by which intake of whole grains is associated
with weight, in which case adjustment for total energy would
not be appropriate. Lastly, because very few children con-
sumed at least half of their recommended servings of grains
as whole grains(25,26), we were not able to study the effect of
meeting this recommendation on measures of body weight.
Conclusions
In the current cross-sectional analysis of children living in
rural communities with greater than average prevalence
of overweight/obesity, intake of whole grains was inversely
associated with BMI Z-score and obesity. Despite current
recommendations, consumption of whole grains is very low
in this population. These results suggest that increasing the
intake of foods rich in whole grains as part of an overall
healthy lifestyle may be beneficial for children to maintain
a healthy weight. Efforts should be made to increase the
availability of foods rich in whole grains especially to low-
income populations and to improve the general public’s
knowledge to identify foods containing whole grains.
Longitudinal and intervention studies are needed to
further evaluate the effect of whole grain consumption on
body weight in children.
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